Management decisions for patients with prostate cancer present a dilemma for both patients and their clinicians because prostate cancers demonstrate a wide range in biologic activity, with the majority of cases not leading to a prostate cancer related death. Furthermore, the current treatment options have significant side effects, such as incontinence, rectal injury and impotence. Key elements for guiding appropriate treatment include: distinction of organ-confined disease from extracapsular extension (ECE); and determination of tumor volume and tumor grade, none of which have been satisfactorily accomplished in today's pre-treatment paradigm. Magnetic resonance imaging (MRI) has the capability to assess prostate tissue, both functionally and morphologically. MRI as a staging tool has not shown enough consistency or sufficient accuracy for widespread adoption in clinical practice; yet, recent technical developments in MRI have yielded improved results. At our institution we have combined the use of new endorectal 3 Tesla MRI technology, T2-weighted, and high spatial resolution dynamic-contrast enhanced (DCE) MRI to non-invasively assess the prostate with higher signal-to-noise ratio and spatial resolution than previously achieved. This approach allows assessment of prostate-tissue morphology and kinetics, thus providing a non-invasive tool for tumor detection and staging and, consequently, directing biopsy and treatment specifically to diseased areas for a pre-treatment evaluation that can assist in the rational selection of patients for appropriate prostate cancer therapy.
Introduction
The American Cancer Society estimates that there will be about 218,890 new cases of prostate cancer in the United States in the year 2007 [1] . Approximately 30,870 men will die of this disease. Prostate cancer is the second leading cause of cancer death in men, exceeded only by lung cancer. While one man in six will get prostate cancer during his lifetime, only one man in 32 will die of this disease [2] . Due to increased prostate cancer screening using serum prostate-specific antigen (PSA) and transrectal ultrasound (TRUS) guided biopsy, prostate cancer patients are being identified at an earlier and potentially treatable stage [3] . The importance and impact of prostate cancer will increase rapidly in the next decade. As the babyboomer generation ages, it is expected that the incidence of prostate cancer will more than double in the US, with a projected number of 450,000 men to be diagnosed in 2015.
Management decisions for patients with prostate cancer are complicated and present a dilemma for both patients and their clinicians as prostate cancers demonstrate a wide range of biologic activity with the majority of cases not leading to a prostate cancer-specific death. Furthermore, the current treatment options for men with localized prostate cancer are aggressive and have significant side effects, such as incontinence, rectal injury and impotence. Thus it is clear that the challenges to the medical research community are to accurately predict a given prostate cancer's behavior to, select those patients who require therapy and to treat the cancer with the appropriate level of intensity while preserving the patient's quality of life.
Prostate Cancer Diagnosis, Prognosis and Treatment
Prostate cancer is one of the few cancers that can grow so slowly that they never threaten the lives of some patients. Yet, if the cancer does metastasize, the disease becomes lethal, as there is currently no cure. At present, predictions of the course of the disease in an individual patient using current prognostic markers have substantial limitations [4] [5] [6] [7] . Thus, while a broad spectrum of approaches, from "watchful waiting" and hormone deprivation therapy to surgical, radiation, and cryosurgical therapies, are available, it is not a simple task to assign an individual patient to the most appropriate treatment strategy. Clinical (digital rectal exam (DRE)), pathologic (histologic grade from biopsy, and number and percentage of positive biopsies) [8] , and biochemical parameters in serum (PSA, PAP) [9] [10] [11] [12] or in tissue (MIB-1, bcl-2, p53, CD34) [13] [14] [15] [16] [17] can aid in assessing the extent and aggressiveness of the disease. However, these are often inaccurate or inadequate, particularly when used alone in individual patients for both pre-and post-treatment assessments [4, 5] [18] .
Additionally, with early detection there has also been increased interest in focal "diseasetargeted" therapies, including interstitial brachytherapy, intensity-modulated radiotherapy, focal cryosurgery, and radiofrequency ablation which can potentially reduce treatment-related morbidity and allow patients to maintain their quality of life [19] [20] [21] [22] [23] [24] . These therapies require an improved knowledge of the location and spatial extent of the disease within the gland. Finally, the long natural history of prostate cancer and the increasingly younger age of patients at the time of detection underscore the need for individually adjusted treatment decisions and regimes [25, 26] .
Improved screening of prostate cancer over the past decade has been achieved using prostate specific antigen (PSA) and digital rectal examinations (DRE). However, only a fraction of the men diagnosed each year with prostate cancer will demonstrate clinical progression during their lifetimes. Positive screening prompts a subsequent workup that emphasizes the detection and staging of the carcinoma. Traditional evaluations using the Gleason score from biopsy samples in conjunction with PSA assessments and DRE results, both individually and collectively, have limitations. The commonly used Partin tables, derived from these evaluations, primarily serve as a counseling tool regarding the probability of an individual tumor being at a specific pathologic stage rather than as decisive information for the individual. Key elements for guiding appropriate treatments in the individual include: distinction of organconfined disease from extracapsular extension (ECE), a determination of total tumor burden, and a determination of tumor grade, none of which have been satisfactorily accomplished in today's pre-treatment paradigm [27] . Thus, a more comprehensive and objective means to characterize prostate cancer after its detection and prior to therapy would be very useful for clinical practice. Recent advances in MRI/MRS of the prostate are beginning to meet these challenges.
Imaging of the Prostate Transrectal Ultrasound (TRUS)
Prostate cancer appears as a hypoechoic lesion in the peripheral zone on transrectal ultrasound (TRUS). However, many cancers are undetectable and are presumably isoechoic. In the American Cancer Society prostate screening study of 2427 men, a total of 52 cancers were detected [28] . Of these, TRUS detected 44 (85%), indicating its limited sensitivity. In addition, TRUS is not specific. In this same study, 396 of 2425 men had a suspicious ultrasound, but only 44 of these men had prostate cancer. Power Doppler techniques applied to TRUS have failed to provide substantial improvements [29, 30] , and recently published data suggests better results with DCE-MRI in a direct comparison study [31] .
Computed Tomography (CT)
CT lacks sufficient soft tissue contrast for detection of cancer or local staging and has its greatest value in the evaluation of distant spread of disease [32] .
MRI of the Prostate
Inherent to magnetic resonance (MR) technology is the capability to assess prostate cancer functionally and morphologically. While an emphasis on MR as a staging tool has not yielded consistent or sufficient accuracy for widespread adoption in clinical practice, recent developments in MR technology have yielded improved capabilities and new possibilities. The development of specific hardware, such as high-field scanners (3 Tesla), endorectal coils and dedicated phased array coils for the torso, as well as advances in pulse sequences (e.g., spoiled gradient echo and fast spin echo methods) have increased the potential for utilizing MRI in clinical assessment of prostate disease. The large array of techniques, including T1-weighted images, T2-weighted images, dynamic contrast enhanced (DCE) T1-weighted images, MR spectroscopy, diffusion weighted images and others, provides many opportunities to evaluate biologic processes. For prostate cancer, T2-weighted images are currently the most commonly used technique [33, 34] .
T2-weighted (T2W) MRI
The use of T2W MRI has largely focused on staging, since the low signal features used to identify cancer are not specific [32] . The literature reports on the staging accuracy of MRI are variable. Some studies have reported values as high as 88%, with most studies ranging between 57-82 % [34] . Seltzer et al [35] showed that the most important single factor in determining reader accuracy was the experience of the reader (inexperienced readers had an accuracy of 67%, experienced readers 87%). From a technical point of view, this result is encouraging because it shows that once the MRI protocol has been established and sites are capable of producing reasonable quality MRI studies, the interpretation of the images becomes the limiting factor. However, it is recognized that MRI, in its current form, may have insufficient tissue contrast or resolution to detect microscopic foci of adenocarcinoma. This may result in limited correlations to histopathology. But, such a limitation may not be critical for patient management, since it has been shown that there is no adverse effect on five-year post-operative disease recurrence in patients with focal capsular penetration [36] . Nevertheless, the value of T2-W MRI of the prostate depends on the visualization of the tumor and prostate capsule and the ability to assess the spatial relationships to each other. This in turn is greatly influenced by the achievable spatial resolution and tissue contrast, leading some investigators to conclude that higher spatial resolution facilitates better clinical performance of MRI of the prostate. Currently, the best spatial resolution at 1.5T with reasonable SNR is achieved with a FOV of 12-14 and a slice thickness of 3 mm and a matrix of 256 ×192-256 resulting in voxel sizes of 0.66-1.12 mm3. The excellent spatial resolution achieved with endorectal coil 3T MRI with at least halving the voxel size (voxel size, 0.35 mm3 v 0.66-1.12 mm3), reveals pathoanatomic details on T2-W images not seen at 1.5T or 3T without endorectal coil. [37] 
Magnetic resonance spectroscopic imaging (MRS)
MRS is emerging as a useful technique for local evaluation of prostate cancer extent and aggressiveness. MRS facilitates the differentiation of normal and altered tissue metabolism, and is therefore different to other imaging methods that only assess abnormalities of structure or perfusion. The primary MRS technique that is currently available commercially utilizes the point-resolved spectroscopy (PRESS) sequence, with spectral spatial pulses and very selective outer voxel suppression for water and lipid suppression. [38] [39] [40] [41] [42] The authors of a recently published study came to the conclusion that the addition of MR spectroscopic imaging to MR imaging significantly improves characterization of peripheral zone prostate tissue as benign or malignant; improved performance is obtained when both data sets are interpreted in an integrated fashion.
[43]
Diffusion Weighted MRI of the Prostate
Diffusion-weighted and quantitative diffusion MR imaging (DWI) using apparent diffusion coefficient (ADC) mapping generates tissue contrast reflecting water molecular diffusion. Diffusion MR is commonly used for assessing acute stroke in the brain [44, 45] . More recently, it has been suggested that diffusion imaging may also play a role in the early detection of tumor response to therapy [46] [47] [48] .
Standard diffusion studies in humans have primarily employed single-shot echo planar imaging (EPI), which is vulnerable to chemical shift and susceptibility artifacts, issues which are quite relevant to body imaging. The line scan diffusion (LSD) imaging technique can reduce these artifacts [49] [50] [51] . Preliminary results with LSD have suggested a reduction of ADC values in prostate tumor vs. normal tissue in the peripheral zone [52] . However, LSD has relatively long acquisition times making it difficult to achieve reasonable spatial resolution in a feasible time period. The introduction of 3 Tesla magnets, opens new possibilities for DWI, as the higher field strength allows faster acquisitions, but this must tempered against the additional challenges imparted by EPI related artifacts at 3T.
Dynamic contrast-enhanced (DCE) MRI
Both microvessel density (MVD) and the expression of angiogenic factors have been evaluated as prognostic factors in patients with prostate cancer. MVD has been correlated with clinical and pathological stage, metastasis and histological grade in prostate cancer [53] [54] [55] [56] [57] [58] . MVD has also been correlated with disease-specific survival and progression after treatment [53, 54] , although some controversy exists [59] [60] [61] [62] . Moreover, recent data suggest that DCE MRI can provide important information about individual MVD in prostate cancer [63] . Thus, there are biological features associated with prostate cancer that can be demonstrated with DCE MRI for further disease characterization.
Kinetic Analyses of DCE MRI
Quantitative evaluations following intravenous administration of contrast media use pharmacokinetic modeling techniques that are usually applied to concentration changes in tissue contrast agents. Signal intensity changes observed during dynamic acquisition are used to estimate contrast agent concentration in vivo [64, 65] . Concentration-time curves are then mathematically fitted using one of a number of recognized pharmacokinetic models to derive quantitative kinetic parameters [66] . Examples of modeling parameters include the volume transfer constant of the contrast agent (K trans -formally called permeability-surface area product per unit volume of tissue), leakage space as a percentage of unit volume of tissue (v e ) and the rate constant (k ep also called K 21 ). These standard parameters are related mathematically (k ep = K trans / v e ) [67] .
Accepting that there are outstanding issues with regard to model-based assumptions and the measurement of tissue contrast agent concentration, quantitative kinetic parameters, such as K trans and v e , do allow comparisons to be made between and within patients and different imaging centers and provide insights into underlying tissue physiological processes.
Temporal and Spatial Resolution in DCE MRI
To date, contrast enhanced MRI has been performed in either a static mode in which T1-weighted images are acquired 1-2 minutes after contrast administration over a long period of time (3-4 minute acquisition) or in a rapid, dynamic mode capturing multiple time points during and after contrast media administration. DCE MR imaging offers multiple samples of anatomy and pathology throughout contrast administration and provides an opportunity to assess contrast kinetics. During recent years contrast kinetic evaluations have become an important focus for the assessment of cancer and new cancer therapies, as summarized by Brasch, et al. [68] . Imaging constraints present challenges to achieving high spatial and temporal resolution information, simultaneously. High spatial resolution allows for more complete sampling of the structures of interest and better detail of the anatomy and pathology. High temporal resolution provides a more frequent update of the contrast dynamics and can facilitate quantitative kinetic analyses [69] .
Recognizing that tumor heterogeneity can not be appreciated with low spatial, high temporal resolution and responding to the limited sampling of data possible with such an approach, Degani and associates have focused on achieving an acceptable trade-off between temporal and spatial resolution for breast cancer [70] . Endorectal coil 3T MRI enables dynamic contrast enhanced studies at a much higher spatial resolution as compared with 1.5T, achievable without compromises in temporal resolution. This paves the way for dynamic studies with high pathoanatomic detail at an optimal temporal resolution for kinetic analysis. [37] 
DCE MRI and Detection of ECE of Prostate Cancer
In previous reports investigators have suggested that gadolinium-enhanced or dynamic endorectal MRI may be useful for the evaluation of extracapsular extension of prostate cancer in selected patients [71] [72] [73] . On the other hand, Quinn et al. reported that gadolinium enhancement was of no benefit in the staging of prostate cancer [74] . All of these techniques employed 2D acquisition techniques with relatively thick (>5mm) sections and intersection gaps resulting in a substantial degree of image undersampling of the gland. Prior dynamic contrast enhanced imaging has focused on low spatial resolution and high temporal resolution [75, 76] . However, tumor detection rates were still limited: the overall sensitivity, specificity, and accuracy of the detection of cancer in the prostate gland was 59%, 88%, and 72%, respectively [76] .
One reason that the promise of DCE MRI to improve the determination of ECE in prostate has not been realized may result from the limited spatial resolution used with prior studies. Such an approach is likely insufficient to assist with the fine morphologic details required for detection of ECE.
MRI of the Prostate at Beth Israel Deaconess Medical Center -Boston
At our institution we have combined the use of 3T clinical magnetic resonance (MR) technology, T2-weighted and high spatial resolution DCE MRI, and an endorectal-coil (ERC) probe in order to non-invasively obtain images of the prostate gland with higher signal-to-noise resolution and better spectral dispersion than has been previously achieved at 1.5T. The incremental value of high spatial resolution DCE MRI was shown recently [77] . This imaging strategy acquires higher-resolution images with smaller voxel sizes than has been possible with prior MR technology and more comprehensive tissue sampling compared to other pre-surgical assessments. This methodology makes it feasible to assess prostate-tissue morphology and additional features of prostate cancer such as tissue kinetics, and the vascular microenvironment, providing a non-invasive tool to: 1) detect extra-capsular spread; 2) detect specific areas within the prostate that harbor cancer; and 3) direct biopsy and treatment specifically to diseased areas, resulting in a pre-treatment evaluation that can assist in the rational selection of patients to undergo appropriate and definitive therapy for prostate cancer. While diffusion weighted MRI (DWI) has been added to our T2-W and high spatial resolution DCE MRI protocol, we are still validating its contribution.
Currently at our institution, patients are referred for MR of the prostate for two main reasons: pretherapeutical staging, or local recurrence after definite treatment. Recently, we have seen a growing number of referrals to define a biopsy target for patients with rising PSA and repeat negative biopsies, as well as to designate a dominant nodule location prior to Brachytherapy, and external beam radiation therapy (EBRT). Preliminary data suggests that contrast enhanced MRI has value for brachytherapy post-treatment evaluation and planning. [78] 
MR Protocols
All patients, whether they are evaluated for pre-or posttherapeutic assessment, undergo the same standardized comprehensive MR protocol at BIDMC:
Patient Preparation
Patients are asked to refrain from ejaculation for three (3) days preceding the exam to ensure optimal distension of the seminal vesicles. A sodium phosphate enema is administered on the day of the study in order to minimize fecal residue in the rectum. A1mg glucagon i.m. injection is administered to reduce peristaltic motion. The ERC (MRInnervu, Medrad, Pittsburgh, PA) is inserted into the rectum and connected to a pelvic phased-array coil with a coupling device to combine the surface phased array coil with the endorectal coil. Barium suspension is used to fill the ERC balloon, with a typical volume of 80cc's, however, adjusted for patient tolerance. The use of Barium reduces susceptibility effects when compared to the use of air and should improve MRS and DWI results. [79] MR imaging is performed on a 3.0-T MR imaging system (Genesis Signa LX Excite, General Electric, Milwaukee, WI), and combined images are obtained. The coil position is verified with sagittal T2-weighted localizer images and adjusted, if needed, so that the prostate gland is optimally situated with respect to the coil.
The imaging parameters are summarized in Table 1. T2W images-transverse and coronal fast spin-echo T2-weighted images are obtained from below the prostatic apex to above the seminal vesicles using the following parameters: repetition time msec/echo time msec (effective) 4,500-7600/165, 2.0-2.2mm section thickness and no intersection gap, 3 averages, 14-cm field of view, 256 × 192 matrix, and no phase wrap. A unique attribute of this protocol is the use of thinner sections than have been the previous routine. This results in 30% -50% more sampling of the gland compared to the traditional 3-4 mm section approach. The phase encoding direction is left-right.
Three-dimensional (3D) T1-weighted (T1W) gradient echo (GRE) images-These
are acquired prior to, during, and after contrast injection. DCE images are obtained after bolus injection of gadopentetate dimeglumine (Magnevist®; Berlex Laboratories, Wayne, NJ) at a dose of 0.1 mmol / kg of body weight administered with a mechanical injection system (Spectris® MR Injection System, MEDRAD, Pittsburgh, PA) at a flow rate of 4ml/sec. The imaging parameters of the 3D GRE sequence are: TR/TE 9.3/4.2 msec, flip angle 18°, FOV 14cm, matrix 256 × 224, ST: 2.0-2.6mm, no phase wrap, which can be obtained with a temporal resolution of approximately 1 minute, 35 seconds. Two pre-contrast and five post-contrast sequential acquisitions are obtained.
For the pre-contrast scans, the first is used to ensure relevant anatomic coverage; the second is used as part of a continuous series of pre-and post-acquisitions in which the instrument settings (gain and attenuation values) are identical. Contrast injection is initiated during the last 10 seconds of the 2 nd pre-contrast acquisition.
Echo-planar Diffusion weighted images (EPI)-transverse DWI with whole gland
coverage is performed with the following parameters: TR/TE = 6500/80.6 msec; parallel imaging factor = 2; averages= 2 NEX; FOV 24cm; slice thickness = 3 thick; matrix = 256 × 192; scan time: 7:12 min; B-value= 0,1000; number of directions = 25. Instead of using more averages (NEX) to gain adequate signal at this high spatial resolution, we choose 25 directions, to achieve not only a better signal-to-noise ratio, but also improved results in diffusion tensor imaging and anisotropic maps as well as enhanced contrast in the ADC maps. 
MR Applications at the BIDMC
MR staging and detection of Extracapsular Disease at BIDMC-A study that combined a T2-W and DCE-MR protocol revealed a mean sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for the detection of ECE of 86%, 95%, 90% and 93%, respectively [77] ,. The sensitivity for ECE MRI was improved by more than 25% using the combined T2-W/DCE-MRI approach compared to T2-W MRI alone. The combined T2-W/DCE-MRI approach had a mean overall staging accuracy of 95%, as determined by the area under the receiver operating characteristic curve. Staging results were significantly improved (p < .05) using the combined approach compared to T2-W MRI alone. Figure 1 shows an example of MRI at 3T performed for pretherapeutic evaluation and staging.
MR imaging for Local Recurrence of Prostate
Cancer at the BIDMC-Without a direct, objective means to evaluate local recurrence, nomograms have been developed to assist in treatment decisions [80] [81] [82] .
These nomograms are based on clinical parameters, such as clinical stage and grade before prostatectomy/radiation therapy, PSA doubling time, and time between therapy and PSA relapse, nomograms estimate the probability of local and distant recurrence based on averages over large numbers of patients. Thus, these parameters are of limited benefit to the individual seeking advice on the approach to his disease. Hence, both patient and clinician are forced to make important choices among local and systemic therapies without knowing the true localization and the extent of the recurrent disease. Essential questions to be answered are: 1) is the PSA relapse caused by local or distant recurrence? 2) Is the tumor multi-focal, and if so, how many tumors are there within the prostate (bed)? 3) What is the total volume of the recurrent cancer? 4) Have malignant cells already spread to the nearby lymph nodes? Without answers to these questions, patients and physicians are relegated to critical decisions based on statistical probabilities.
Prostate cancer has many expressions and needs to be addressed on an individual basis for optimized management in each patient. Conventional MR imaging shows limited results in local recurrence detection, influenced by the negative impact of post-interventional changes on tumor detection. T2-W MRI cannot not readily distinguish between the low signal intensities of fibrotic changes, scar tissue and cancerous tissue after prostatectomy, or the low signal intensities of post radiation changes. DCE-MRI, however, is able to differentiate between cancer tissue and fibrotic or radiated tissue based on the enhancement features. Figure 2 shows an example of high resolution DCE-MRI and detection of local recurrence after Brachytherapy at 3T.
The patient underwent Brachytherapy seed implantation 3 years prior to the MRI, and was referred after PSA-relapse. Note the local recurrence in a "cold spot" where there is a relative lack of seeds, in the posterior right peripheral zone. Note the seeds visualized as small signal voids (black) in post-contrast image (Figure 2b ) and the clear visualization of the cancer on the parametric map (Figure 2c ). The MRI diagnosis was confirmed by targeted biopsy.
Prostate Cancer Detection and Localization in Patients with Repeat Negative
Biopsies-In an ongoing prospective study we are currently investigating the value of high spatial resolution dynamic contrast enhanced (DCE-) with high spatial resolution T2-weighted (T2-W) endorectal (ER) coil magnetic resonance imaging (MRI) at 3 Tesla for detection and localization of prostate cancer in patients with repeat negative biopsies and rising prostate specific antigen (PSA), using histopathology of the subsequent biopsy as the reference standard. The preliminary results are promising. MR based biopsy detected prostate cancer in >50% of patients, with the tumor being located in the anterior gland, as predicted by MRI, in the majority of the cases. These results suggest an improvement over previously reported results of randomly performed repeat biopsies or targeted sextant biopsies with emphasis on anterior and lateral tissue sampling [83] [84] [85] . This preliminary data suggests that MRI can assist in the reduction of repeat negative biopsies in patients with rising PSA. Figure 3 shows a patient with 3x repeat negative biopsies (total 63 negative cores) and a rising PSA (27 ng/ml) prior to the MR exam. A targeted ultra-sound guided biopsy based on the MRI findings confirmed cancer in the anterior gland. Consequently, the patient underwent prostatectomy.
Summary
At Beth Israel Deaconess Medical Center a 3T high spatial resolution T2-W and DCE-MRI protocol is assisting clinicians in their efforts to more objectively and rationally select appropriate treatment for the individual patient with prostate cancer based on an improved capacity for tumor detection and staging. MRI is increasingly relied upon at our institution to detect cancer and target in patients with repeat negative biopsies and rising PSA levels. As we gain more experience with this protocol, we anticipate undertaking systematic studies which involve correlating the MRI features (MRI phenotype) with underlying gene expression and protein expression profiles (genotype). Our preliminary results in this area have shown a great deal of promise in establishing which features can become true, validated, biomarkers for cancer and its individual biological behavior. [86] T2-W MRI and DCE-MRI based, color-coded image in correlation with whole mount histopathology of a 56 year old patient with repeat negative biopsies and rising PSA. A third saturation biopsy prompted by the MRI was positive in 3/20 cores. a. Axial T2-W FSE (5800/1600) 2.2-mm-thick image of the mid-third of the prostate. Note the large hypointense area in the anterior portion of the gland (white arrows). The tumor abuts the fibromuscular band and is ill-defined at the right anterior aspect. With poor delineation between the aspect. With poor delineation between the fibromuscular band/pseudo-capsule, the tumor was staged as T3a (white arrowheads).
b. Corresponding color-coded DCE 3D-Gradient-Echo (6.9/2.1) 2. a. DCE 3D-Gradient-Echo (6.9/2.1) 2.6-mm-thick pre-contrast image: Note the signal voids (seeds) and the clear depiction of prostate capsule (white arrow) and neurovascular bundles (arrow head). b. Corresponding DCE 3D-Gradient-Echo (6.9/2.1) 2.6-mm-thick early post-contrast image. Note the tumor showing early wash-in (black arrows) on the background of relatively low perfusion of the radiated gland. The Brachytherapy seeds are represented as focal signal voids. Note also the proximity of the tumor to the rectal wall (black arrowhead).
c. Corresponding color-coded DCE 3D-Gradient-Echo (6.9/2.1) 2.6-mm-thick image showed cancer (geographic area with confluent bright red pixilation) in the right posterior peripheral zone (yellow arrows). d. Axial T2-W FSE (5800/160) 2.2-mm-thick image of the mid-third of the prostate.
(Corresponding to Fig. 1 a, b) . Note that the entire prostate gland shows low signal due to post radiation changes, and therefore, the tumor cannot be delineated. Frequency: Transverse to prevent endorectal coil motion artifact from obscuring pelvic nodes. Frequency: AP to prevent endorectal coil motion artifact from obscuring the prostate gland.
Frequency: AP to prevent endorectal coil motion artifact from obscuring the prostate gland Number of Directions= 25 ** B-value:0; 1000 * Constraint -maintain each DCE MRI 3D data set with temporal resolution at ~ 90-95 sec for the parametric/kinetic analysis.
**
Instead of choosing more NEX (averages) we use more directions, to achieve not only better SNR but also improved results in diffusion tensor imaging and anisotropic maps as well as enhanced contrast in the ADC maps.
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